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Abstract. Fructose-1,6-bisphosphatase 1 (FBP1) is a 
rate-limiting enzyme in gluconeogenesis. Recently, the cata-
lytic activity-independent function of FBP1, hypoxia-induced 
factor (HIF) repression in the nucleus, was identified. The aim 
of the present study was to investigate the association between 
FBP1 and hypoxia-related gene expression in clear cell renal 
cell carcinoma (ccRCC). The protein expression levels of 
FBP1, HIF-1α, HIF-2α, erythropoietin (EPO) and carbonic 
anhydrase IX (CA9) were assessed by immunohistochemical 
staining of ccRCC paraffin blocks from 123 patients using the 
tissue microarray technique. The expression level of FBP1 
was then correlated with various clinicopathological factors, 
and the protein expression levels of HIF-1α, HIF-2α, EPO 
and CA9. Clinicopathological factors, including age, gender, 
T stage and Fuhrman grade, were not significantly different 
between patients with low and high FBP1 expression in ccRCC 
(P>0.05). FBP1 protein expression level was significantly 
correlated with the expression levels of HIF-1α (P=0.005) 
and EPO (P=0.010), but not significantly correlated with the 
expression levels of HIF-2α (P=0.123) and CA9 (P=0.513) in 
ccRCC tissues. The current findings confirm the association 
between FBP1 and hypoxia-related gene expression, and may 
facilitate understanding of the mechanisms of ccRCC tumori-
genesis.

Introduction

Renal cell carcinoma (RCC) accounts for 3% of all solid 
tumors, with ~65,150 men and women diagnosed in United 

States in 2013 (1). Clear cell RCC (ccRCC) is the most 
common subtype of RCC (2). Von Hippel-Lindau (VHL) 
gene mutation is a notable cause of ccRCC. The VHL gene 
is located on chromosome 3p25‑26, and the gene product 
regulates the response to oxygen availability and functions 
as tumor suppressor through degradation of hypoxia-induced 
factor (HIF) (3,4). HIF consists of unstable α and stable β 
subunits. Three HIF-α genes, HIF‑1α, HIF‑2α and HIF‑3α, 
have been identified in humans. HIF‑1α and HIF-2α are the 
most important in tumorigenesis; HIF-2α modulates the 
expression of genes involved in energy metabolism, angio-
genesis and apoptosis, while HIF-1α is the major oxygen 
homeostasis regulator (5).

Concurrent hypoxia in the local microenvironment, and 
mutation or hypermethylation of the VHL gene, result in 
excessive HIF accumulation in cells. HIF is then transferred 
into nucleus, where it binds to hypoxia response elements in 
the promoters of hypoxia response genes, such as carbonic 
anhydrase IX (CA9) and erythropoietin (EPO), resulting in 
the overexpression of these genes (4).

Fructose‑1,6‑bisphosphatase (FBP1) is known as a 
rate-limiting enzyme in gluconeogenesis, which is an impor-
tant process in cell energy metabolism. Recently, ubiquitous 
loss of FBP1 expression and its catalytic activity-independent 
function in ccRCC tissues has been identified, indicating that 
FBP1 may act as a repressor of HIF in the nucleus by binding 
to the HIF inhibitory domain (6). However, the association 
between FBP1 expression status and hypoxia-related gene 
expression has not been well investigated. Therefore, the 
present study aimed to explore whether the expression of 
hypoxia-related genes is correlated with FBP1 expression.

Patients and methods

Patients and samples. The study cohort consisted of 
123 patients who underwent radical nephrectomy or partial 
nephrectomy for ccRCC between July and September 2012 at 
the Department of Urology, Peking University First Hospital 
(Beijing, China). General patient characteristics, including 
age, gender and tumor features, such as location, T stage and 
Fuhrman grade (7,8), were collected. The present study was 
approved by the institutional review board of Peking Univer-
sity First Hospital.
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Samples and tissue microarray (TMA) construction. Following 
nephrectomy, tumor and adjacent control surgical specimens 
(at least 1 cm from the tumor tissues) were fixed in formal-
dehyde (Sinopharm Chemical Reagent Co., Ltd., Shanghai, 
China) and embedded in paraffin. Tissue sections (4 µm) 
were stained with hematoxylin and eosin (OriGene Technolo-
gies, Inc., Beijing, China), and reviewed by two professional 
urological pathologists at the Department of Urology, Peking 
University First Hospital. The TMA base mold and Quick Ray 
tip (cat. no. UB06‑3; Unitma Co., Ltd., Seoul, Korea) were 
used for TMA, according to the manufacturer's instruction.

Immunochemical staining and expression scoring of FBP1, 
HIF‑1α, HIF‑2α, CA9 and EPO in the 123 ccRCC samples. 
Following deparaffinization with xylene and rehydration 
in graded ethanol (Sinopharm Chemical Reagent Co., Ltd.), 
the TMA slides (4 µm) were heated in 10 mM sodium citrate 
(pH 6.0; OriGene Technologies, Inc.) for antigen retrieval, 
incubated in 0.3% H2O2 (OriGene Technologies, Inc.) for 
30 min and blocked in 10% goat serum (OriGene Technologies, 
Inc.). The slides were then incubated with antibodies against 
FBP1 (rabbit monoclonal; 1:50 dilution; cat no. ab109020; 
Abcam, Cambridge, MA, USA), HIF-1α (rabbit polyclonal; 
1:50 dilution; cat no. sc-10790; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA), HIF-2α (rabbit polyclonal; 1:40 dilution; 
cat no. ab199; Abcam), CA9 (rabbit polyclonal; 1:1,000 dilu-
tion; cat no. ab15086; Abcam) and EPO (rabbit polyclonal; 
1:100 dilution; cat no. ab30545; Abcam) overnight at 4˚C. 
After washing with 0.01 M phosphate-buffered saline and 
incubating with the appropriate secondary antibody (polyper-
oxidase-anti-rabbit immunoglobulin G; catalog no., PV-9001; 
OriGene Technologies, Inc.), the slide was developed by DAB 
staining (OriGene Technologies, Inc.). Immunohistochemical 
staining was evaluated by two independent pathologists using 
an Olympus CK40 microscope (Olympus Corporation, Tokyo, 
Japan). The staining intensity was represented by intensity 
score, was which was follows: 0, no staining; 1, light yellow; 
2, brown‑yellow; and 3, sepia. Tumor samples with an intensity 
score of 0 or 1 were classified as low expression and samples 
with an intensity score of 2 or 3 were classified as high expres-
sion (Fig. 1).

Statistical analysis. Data is presented as the mean ± standard 
deviation and the median value. Immunohistochemical assess-
ment was repeated three times for each sample. The correlation 
between FBP1 expression and clinicopathological factors or 
hypoxia-related protein expression were analyzed by χ2 and Fish-
er's exact tests. Differences in FBP1 expression between tumor 
tissues and adjacent normal tissues was calculated by using the 
Wilcoxon rank sum test. SPSS software version 19.0 (IBM SPSS, 
Armonk, NY, USA) was used to perform statistical analysis, and 
P<0.05 indicated a statistically significant difference.

Results

Clinicopathological characteristics and FBP1 expression 
status in ccRCC tumor tissues. Surgical ccRCC samples 
were obtained from 123 patients (83 males and 40 females). 
The mean age was 55.1±12.3 years old, 62 patients (50.4%) 
were aged ≤55 years old and 61 patients (49.6%) were aged 
>55 years old. Using the TNM staging system, tumors were 
classified as T1a in 59 cases (48.0%), T1b in 39 cases (31.7%), 
T2 in 8 cases (6.5%) and T3 in 17 cases (13.8%). According 
to the Fuhrman grading system, tumors were graded as G1 
in 42 cases (34.1%), G2 in 73 cases (59.4%) and G3 in 8 cases 
(6.5%) (Table I).

Immunohistochemistry staining revealed significantly 
higher rates of low FBP1 expression in tumor tissues compared 
with adjacent healthy tissues (P<0.001). The rate of low FBP1 
expression in ccRCC tissues was 77.2% (95/123 cases) while 
the rate in adjacent normal tissues was 8.1% (10/123 cases; 
data not shown). In the ccRCC tumor tissues, 28 cases (22.8%) 
were identified as exhibiting high FBP1 expression and 
95 cases (77.2%) exhibited low expression. No correlations 
were identified between FBP1 expression level status, and 
age, gender, T stage or Fuhrman grade in the ccRCC patients 
(Table I).

Correlation of FBP1 expression with HIF‑1α, HIF‑2α, 
EPO and CA9 expression in ccRCC tumor tissues. HIF-1α, 
HIF-2α, EPO and CA9 were highly expressed in the majority 
of samples (HIF-1α in 101/123 cases, 82.1%; HIF‑2α in 
77/123 cases, 62.6%; CA9 in 77/123 cases, 62.6%; and EPO 

Figure 1. Representative immunohistochemical staining of clear cell renal cell carcinoma tissues with antibodies for FBP1, HIF-1α, HIF-2α, EPO and CA9 
(DAB staining; magnification, x200). FBP1, fructose‑1,6‑bisphosphatase; HIF, hypoxia‑induced factor; EPO, erythropoietin; CA9, carbonic anhydrase IX.
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in 66/123 cases, 53.7%; Table II). The expression of HIF-1α 
and EPO were significantly correlated with FBP1 (P=0.005 
and P=0.010, respectively; Table II). However, this significant 
correlation was not observed between HIF2α (P=0.123) or 
CA9 (P=0.513) expression, and FBP1 expression.

Discussion

The present study analyzed the association between FBP1 
expression and the expression of various hypoxia-related 
proteins in ccRCC samples. The majority of ccRCC samples 
exhibited low expression of FBP1, accompanied by high 

expression of HIF-1α and EPO. However, there was not a 
significant association between low FBP1 expression, and 
HIF-2α and CA9 expression.

Low expression of FBP1 has previously been observed 
in human hepatocellular carcinoma (HC), colon cancer 
(CC), breast cancer (BC), gastric cancer (GC) and ccRCC 
tissues (6,9-11). The current data is consistent with the latter 
study. The reason for low FBP1 expression in HC, CC, BC and 
GC has been identified as hypermethylation of the promoter 
region of the FBP1 gene (9-11). However, the mechanism of 
FBP1 inhibition in ccRCC tissues has not been clearly identi-
fied and requires further investigation (12,13).

Table II. Correlation between expression of FBP1, and HIF1α, HIF2α, CA9 and EPO in clear cell renal cell carcinoma.

 FBP1 expression, n (%)
 ------------------------------------------------------------------------
Expression Patients, n (%) Low (n=95) High (n=28) χ2 P-value

HIF-1α    7.897 0.005
  Low   22 (17.9) 22 (23.2) 0 (0.0)
  High 101 (82.1) 73 (76.8)   28 (100.0)
HIF-2α    2.380 0.123
  Low 46 (37.4) 39 (41.1)   7 (25.0)
  High 77 (62.6) 56 (58.9) 21 (75.0)
CA9    0.428 0.513
  Low 46 (37.4) 37 (38.9)   9 (32.1)
  High 77 (62.6) 58 (61.1) 19 (67.9)
EPO    6.640 0.010
  Low 57 (46.3) 50 (52.6)   7 (25.0)
  High 66 (53.7) 45 (47.4) 21 (75.0)

FBP1, fructose-1,6-bisphosphatase; HIF, hypoxia-induced factor; CA9, carbonic anhydrase IX; EPO, erythropoietin.

Table I. Correlation between FBP1 expression and clinicopathological factors in clear cell renal cell carcinoma tissues.

 FBP1 expression
 ------------------------------------------------------------------
Variable Patients (n=123) Low (n=95) High (n=28) χ2 P-value

Age (years), mean ± SD 55.1±12.3 55.3±11.9 54.0±13.4 0.827 0.363
Gender, n (%)    1.765 0.184
  Male 83 (67.5)   67 (54.5)   16 (13.0)
  Female 40 (32.5)   28 (22.8) 12 (9.7)
T stage, n (%)    1.203 0.752
  T1a 59 (48.0)   48 (39.0) 11 (8.9)
  T1b 39 (31.7)   29 (23.6) 10 (8.1)
  T2  8 (6.5)   6 (4.9)   2 (1.6)
  T3  17 (13.8) 12 (9.8)   5 (4.1)
Fuhrman grade, n (%)    2.025 0.363
  G1 42 (34.1)   35 (28.5)   7 (5.7)
  G2 73 (59.4)   55 (44.7)   18 (14.6)
  G3 8 (6.5)   5 (4.1)   3 (2.4)

FBP1, fructose-1,6-bisphosphatase; SD, standard deviation.



NING et al:  FBP1 AND HYPOXIA-RELATED GENE EXPRESSION IN ccRCC4098

Recently, an association between FBP1 expression and 
various pathological variables in patients with ccRCC was 
demonstrated at the transcription level (6). By contrast, 
the current results did not identify a significant association 
between FBP1 protein expression level and T stage (P=0.75) 
or Fuhrman grade (P=0.36) in ccRCC. This conflicting asso-
ciation between FBP1 mRNA and FBP1 protein level may 
be partially due to the high proportion of patients with low 
T stage (T1 + T2, 86.2%) and low Fuhrman grade (G1 + G2, 
93.5%) in the current cohort. Analysis of a greater number 
of ccRCC cases with various T stages and Fuhrman grades 
are required to understand the clinical significance of FBP1 
expression levels in ccRCC.

HIF‑1α and HIF‑2α are the two most important 
hypoxia-related genes, and are regulated by VHL protein 
and oxygen in the local environment. HIF-1α and HIF-2α are 
overexpressed in various types of cancer, including melanoma 
and breast cancer (14-16), and have a role of tumorigenesis and 
tumor progression. However, these two subunits occasionally 
have different effects on cell biological behavior (17). HIF1α 
dominantly regulates processing mechanisms, particularly the 
glucose processing mechanism, while HIF2α influences various 
processes, including tumor cell growth (18). The present study 
observed that FBP1 low expression is associated with high 
expression of HIF1α but not of HIF2α. In agreement with this 
finding, FBP1 is a critical enzyme in glucose metabolism, with 
certain research indicating that FBP1 may inhibit the function 
of HIF located in the nucleus (6); whether HIF1α can regulate 
FBP1 expression has not been well discussed. Identifying the 
role of HIF1α in the regulation of FBP1 expression may propose 
a novel function of HIF1α and may be useful for clarifying 
ccRCC tumorigenesis.

EPO is widely used to treat tumor-related anemia, however, 
the effect of EPO on RCC has not been well delineated (19). 
Several studies observed that exogenous recombinant human 
EPO inhibits cancer progression, however, other studies 
indicated that it promotes cancer progression (20-22). EPO 
expression under a hypoxic environment is predominantly 
regulated by HIF2α (23). In the present study, it was iden-
tified that FBP1 expression is significantly associated with 
EPO, but is not significantly associated with HIF2α. These 
findings indicate that FBP1 may directly interact with EPO 
expression. Understanding the interaction between FBP1 and 
EPO may aid in comprehending the role of FBP1 and EPO 
in ccRCC.

In conclusion, FBP1 expression was positively corre-
lated with the expression levels of HIF-1α and EPO in 
ccRCC tissues. The current findings confirm the association 
between FBP1 and hypoxia-related gene expression, and 
may facilitate understanding of the mechanisms of ccRCC 
tumorigenesis.
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